Please cite this paper as: Nancarrow SA, Bradbury J, Avila C. Factors associated with non-attendance in a general practice super clinic population in regional Australia: A retrospective cohort study. AMJ 2014, 7, 8, 323-333 
Background
Non-attendance at medical appointments is associated with increased patient morbidity 1 and is a drain on health service resources resulting in service inefficiencies. For instance, missed outpatient appointments were estimated to cost the United Kingdom health system £585m in 2012. 2 Studies in primary and secondary healthcare settings in Europe, North and Latin America, Australia, and Asia report non-attendance rates of between 6.5-43%. [3] [4] [5] [6] Notably, there is limited data about the rates of non-attendance and its economic consequences in primary healthcare settings in Australia.
The Australian studies that explore non-attendance focus on secondary healthcare settings, 7, 8 screening services, 9 and interventions to reduce non-attendance. 10, 11 However, without an understanding of those most at risk of nonattendance, it is difficult to design appropriately targeted interventions to reduce non-attendance.
A recent systematic review and evidence synthesis on the effectiveness of different reminder systems in outpatient settings 12 found that few studies had investigated the effect of patient attributes on appointment behaviour (attendance, cancellation, or rebooking). However, age was consistently reported as a risk factor for non-attendance, with younger adults more likely to be non-attenders than older patients. [13] [14] [15] [16] [17] The patterns of attendance for children (under 18 years) were less consistent, lacked data, and were derived from a range of different settings. The effect of gender on attendance was also unclear; however, there appears to be a dominant belief that males are less likely to attend appointments than females. A small number of studies have reported higher rates of non-attendance by girls 18 and women, 16 one suggesting that childrearing responsibilities play a part in non-attendance. 19 Deprivation is consistently associated with nonattendance; however, the evidence is weak. 18, 20 Importantly, only one study reported that younger, unmarried women of lower socioeconomic status were less likely to attend than more affluent patients. 21 The relationship between ethnicity and attendance is inconsistent. One Australian study of non-attendance at second-round mammographic screening found that those at risk for non-attendance were women from a non-English speaking background (RR=1.18-1.77) and Indigenous women (RR=2.02, 95% CI: 1.61-2.54). The same study found that women from rural and remote locations were less likely to miss their appointment; however, symptomatic women were less likely to attend.
Study context
This research was undertaken in a privately operated healthcare clinic in Northern New South Wales, where reminder phone calls 24 hours prior to an appointment are standard protocol. 22 This practice specialises in providing primary healthcare to Indigenous Australians. It uses a unique approach based on social entrepreneurship 23 and incorporating Medicare incentives to create an innovative model of affordable, accessible care for the local Indigenous community. This model presents a private sector alternative to the Aboriginal Controlled Community Health Organisations (ACCHOs). 24 Lismore is a regional hub, located in Northeastern New South Wales, Australia. Lismore Central and the surrounding area has a population of around 45,000 people, of whom 1,579 (0.035 per cent) identify as Aboriginal or Torres Strait Islander. 25 Hereafter the local Aboriginal and Torres Strait Islander community will be referred to as Aboriginal, as this is the preferred term.
The Aboriginal population of Lismore is relatively young, with half the population (50.1 per cent, n=791) being aged 19 years and under, compared with 27.4 per cent of the non-Aboriginal population. Only 2 per cent of the Aboriginal population is aged 65 years and over, (7.1 per cent of the non-Aboriginal population).
The health status of the Lismore population as a whole is below that of the rest of the state with higher rates of chronic disease risk factors than for NSW as a whole; and avoidable mortality for both intentional and unintentional injuries. 26 However, Aboriginal health is worse than the state average for both the Aboriginal and non-Aboriginal people for many conditions. Between 2002-05, hospitalisation rates for Aboriginal people in the Northern NSW Local Health District (NNSWLHD) was 20 per cent higher than the rate for all Aboriginal people in NSW. Hospitalisation rates for cardiovascular disease amongst Aboriginal people in the NNSWLHD were 24 per cent higher than the NSW average. Other areas of excess risk include diabetes and low birth weight babies.
26,27
Method Participants, setting and design A retrospective cohort of all patients who had scheduled an appointment at the clinic between 24 October 2011 and 22 October 2013 was included in the analysis. The community-based clinic (hereafter called "the clinic") comprises a community-based medical and allied healthcare service delivery in an attempt to be a "one-stop shop" for most community healthcare needs. The clinic is located in a suburb with a disproportionately high proportion of Indigenous peoples (10.7 per cent) compared with neighbouring areas (Lismore; 3.5 per cent) and the national Australian average (2.3 per cent).
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Outcome measurement and data analysis Failure to attend (FTA) per appointment was documented in a live database. Attendance was the primary outcome for this analysis with each scheduled appointment denoted as either attended (0) or not attended (1) . This was a secondary data analysis as the primary reason the data were collected was as part of routine operations of the clinic. The basic appointment schedule was for a 15-minute consultation with a medical practitioner. A second appointment for the same day was scheduled when a longer consult, test, or referral to an allied practitioner is required (e.g., blood test or appointment with chronic care nurse). Each appointment scheduled was recorded separately and thereby analysed independently.
Using multivariate logistic regression, FTA was regressed on a range of covariates, such as number of appointments per person, sex and self-defined ethnicity of person making the appointment, and the day of the week on which the appointment was scheduled.
The data was analysed in two ways. First, the scheduled appointment was used as the unit of analysis to assess the proportion of scheduled appointments that were not attended to total visits and explore the relative impact of demographic characteristics using multivariate logistic regression. Demographic characteristics evaluated were sex, nationality, postcode, day of the week, and age. Second, individual patients were used as the unit of analysis to assess for interactions and relative effect sizes using analysis of variance (ANOVA) with the mean number of FTA per person calculated and used as an outcome. Characteristics to assess for significance and effect size included sex, age, and nationality.
Data was analysed using IBM SPSS v20. Minimum probability levels were set at 5 per cent for hypothesis testing and 1 per cent for assumption testing. Where test assumptions were not met, non-parametric tests would be used and if consistent, the parametric findings would be reported for ease of interpretation. Chi-square analyses were used in cross tabulations on categorical data. Ethics approval was obtained from the Southern Cross University Ethics Committee (ECN-13-054). This was a positively skewed distribution (median = 5) with half the sample booking five or less appointments during the two-year period, and 25 per cent scheduling two or less, while 25 per cent scheduled more than 13 appointments. To control for multiple appointments per person, a dummy variable for number of appointments was created around the median (0 ≤ 5; 1 > 5); that is, multiple appointments as indicated by whether a person had more than one appointment over the two-year period. Whether these appointments were on the same or different days could not be determined by these data as this information was not available. A range of ethnicities were self-identified by clinic patients. By far the greatest proportion of visits were made by nonAboriginal Australians 61,442 (66.1 per cent), followed by Aboriginal Australians 25,236 (27.1 per cent), and a third category comprising a broad range of nationalities collectively labelled "Other" 6,323 (6.8 per cent) for the purpose of this analysis.
Results

Preliminary statistics
The proportion of FTA to total scheduled appointments for the two-year period was 7.5 per cent (6,934), with 90.3 per cent (83,851) attending and 2.3 per cent (2,116) pending; thus it was unknown whether these appointments were attended at the time that the data were downloaded from the live database. Cases with "unknown" FTA data were therefore excluded from the analysis, resulting in a slightly reduced dataset comprising n = 90,785 appointments from 24 October 2011 to 22 October 2013, an FTA prevalence of 7.6 per cent and attendance rate of 92.4 per cent per overall number of scheduled appointments.
To assess whether day of week was a covariate for FTA categories, a cross-tabulation analysis was conducted, and a chi-square test found a significant effect (χ2(4)=20.208, p<0.0005). Mondays (8.1 per cent), Fridays (8.0 per cent), and Thursdays (7.9 per cent) had higher than expected FTA occurrences, while Tuesdays and Wednesdays (both 7.2 per cent) had lower than expected FTA occurrences. As there was such a distinct difference between the three high FTA days and the two low FTA days, this variable, day of week, was recoded into an indicator variable using Monday, Thursday, and Friday as high FTA, and Tuesday and Wednesday as low FTA occurrence days.
The average weekly FTA occurrence rates for nonIndigenous Australians was similar to that of the "Other" nationality category (4.8 per cent and 4.7 per cent, respectively), while that for Indigenous Australians was around three times higher (15.4 per cent).
Predictors of failure to attend
To estimate the adjusted effects of day of the week, local postcode, sex, age, and ethnicity on FTA occurrences, a multivariate logistic regression model was fit to the data. The model fit chi-square (χ2(6)=3264.49, p<0.0005) was significant indicating the suitability of the model compared with the null model (no covariates). The Cox & Snell (0.037) and Nagelkerke (0.088) R-squares indicate that the model explains 3.5-8.5 per cent of the variance in FTA.
The model (Table 1) indicates that all our covariates are significant predictors of the likelihood a scheduled appointment will result in a FTA occurrence. The number of appointments was inversely related to the likelihood of FTA; that is, appointments scheduled by those with fewer (5 or less) appointments over the two-year period were around 19.1 per cent (95% CI: 11-28%) more likely to result in a FTA occurrence.
Age was also inversely related to FTA; for each additional year of age associated with the appointment holder, there was a 1.5 per cent reduction in the likelihood the appointment will result in FTA. Appointments scheduled by females were 6.3 per cent more likely to result in FTA, but the confidence interval is wide, suggesting the true estimate could be anywhere between 1.1-11.9 per cent. The odds that a scheduled appointment resulted in an FTA occurrence were three times higher in Indigenous Australians than others, including non-Indigenous Australians, in the cohort.
The predictive model that could be applied to an appointment to estimate the likelihood that the appointment will result in a FTA occurrence is as follows:
Exploring group effects There were n=8,544 unique clients/patients in the data. The breakdown of sex and Aboriginality on age is given in Table 2 . The Aboriginal males were 13 years younger and females were 10 years younger than the non-Aboriginal cohort.
To compare groups, a mean score for number of FTA occurrences per person was computed and used as a continuous outcome variable. The distribution of mean FTA was not normal, with most of the observations having a zero score. Therefore, mean FTA was not used as an outcome in an ANOVA, but the binary FTA occurrence was used in a logistical regression model (Table 3) .
To explore group effect, the study population was categorised into subgroups based on sex, Aboriginality, and adults/children ( Figure 1 ) and analysed for mean FTA.
Comparison of the means suggested that FTA was lower for children in both Aboriginal and non-Aboriginal groups, but that Aboriginal children were much more likely to FTA than non-Indigenous children or non-Indigenous adults. Female Aboriginal adults had the highest mean FTA occurrence of all subgroups (Table 2 and Figure 1 ), while female nonAboriginal children had the lowest mean FTA. Caution was taken in interpreting these data as the outcome was nonnormally distributed. However, these findings were consistent with those from the logistic model (Table 3 ). A dummy interaction variable was created from the cross product between sex and Aboriginality, such that 1 = female and Aboriginal and 0 = not female and Aboriginal. Interestingly, when this cross product was modelled in the full logistic regression of number of scheduled appointments on covariates (Table 4) , there was a small effect size with a wide confidence interval that crossed the null and was therefore non-significant. However, the effect size for the sex variable in the model was reduced substantially to the point that it was no longer significant and it was indeed even lower than the effect size of the interaction term, suggesting that the interaction term may have accounted for most of the variance in sex in the original model. Therefore, while not significant, the effect size suggests that the interaction between sex and Aboriginal nationality was more important than sex alone for predicting the likelihood of FTA per scheduled appointment.
When the units of analysis were individual clients (rather than appointment occasions), and the effects of children and adults were separated (Table 3) , it is of note that Aboriginality was the only significant predictive factor for FTA in children and young people and that Aboriginal children and young people were 2.9 times more likely than non-Aboriginal children to FTA. For the adult cohort, there was a negative effect for age, such that as patients get older there is a reduced risk of FTA. The likelihood of nonattendance by an Aboriginal adult was four times higher than for a non-Aboriginal adult, with the 95% CI suggesting that this could be as high as five times higher (4.956). Sex was not a variable of impact, but in adults Aboriginal females were bordering significance for inclusion in the model at the p=0.1 level. The OR for Aboriginal females was 1.27 (95% CI: 0.95-1.75), which suggests that the effect size is 27 per cent higher for this group as a whole (compared with all males and non-Aboriginal females), but there is wide variation within Aboriginal females; that is, there could be a subgroup of Aboriginal females that are leveraging the FTA.
This study has identified significant predictors of the likelihood of a scheduled appointment at a regional general practice super clinic resulting in non-attendance. The single most significant factor predicting non-attendance was selfreported Australian Aboriginal or Torres Strait Islander nationality (OR=3.00, 95%CI: 2.85-3.17). Sex was also a significant factor, with appointments scheduled for females more likely to be missed than males. However, the effect size for sex fell dramatically and significantly when an interaction term between sex and Aboriginality was introduced to the model (OR=1.080, 95% CI: 0.976-1.96).
Despite the interaction term being not significant, there was a trend towards a higher likelihood that an appointment scheduled by a female Aboriginal adult would be more likely to result in non-attendance. These subtle data trends are very interesting and worthy of further exploration. Aboriginal children were much more likely to miss their appointment than non-Aboriginal children or non-Aboriginal adults. Indeed, in the child cohort, the only significant predictor of whether a child (<=16 years) missed a scheduled appointment was Aboriginality. This medical clinic is not in a remote part of Australia, but part of a regional community along the eastern seaboard, where many Australians reside.
Discussion
Surprisingly, little research has been undertaken into reasons for non-attendance in primary healthcare clinics in Australia, and to our knowledge, this is the largest published Australian study on primary care non-attendance and the first to document the extent of non-attendance by Australian Aboriginal patients in primary care.
The study reinforces previous research findings that younger patients are less likely to attend than older patients. However, the high rate of non-attendance by younger Aboriginal women and children has not been reported elsewhere. The overall younger age of the Aboriginal population may be attributed to the younger age of Aboriginal people overall compared with nonAboriginal people. However, the gender disparity is less easy to explain, but is worthy of exploratory, qualitative analysis to try to identify possible reasons and drivers for missing scheduled medical appointments.
The findings are particularly important in the local context. Forty-eight per cent of Aboriginal women in the NNSWHLD smoke during pregnancy, in comparison with 15 per cent in the non-Aboriginal population. In addition, the pre-term birth rate is 9.4 per cent in the Aboriginal population compared with 6.1 per cent in the non-Aboriginal population. Pre-term birth and low birth weight are the leading causes of neonatal and infant mortality, 29 a major cause of short and long-term morbidity [30] [31] [32] , and is extremely costly to the health system. 31 Therefore, preventative interventions that target younger Aboriginal women to positively affect their own health, as well as their reproductive and maternal health, have enormous potential to benefit the whole community.
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Limitations
This study relied on retrospective, routinely collected appointment data from the clinic database. Data was collected and recorded by medical secretaries and not by experienced researchers and information on nationality was based on self-reported data by the patient. The data analyses were secondary to the reasons for the data collection and therefore the findings should be considered exploratory in nature. Indeed, some may argue that these are "real world data" and are therefore more valid than data collected for research and analysis.
Nevertheless, more analytic questions and solid conclusions would have involved having more control over the types of data that were included in the data collection. As it was, the data comprised the entire population of a regional health clinic, with over 90,000 observations. Certainly, these data had sufficient potential to describe interesting data trends worthy of following up in future, more targeted research. More specifically, we were unable to capture the impact of other likely risk factors on attendance, such as diagnoses and comorbidities. This information may have helped to explain why people with more appointments, most likely with chronic diseases, were less likely to miss appointments. The amount of explained variance (R-squared) by the covariates on the outcome was less than 10 per cent, indicating that there were other factors missing from the model, which could explain more of the variance in the outcome.
It would also have been interesting to note the structure of the appointment; for instance, whether it was a double appointment or linked to an allied health appointment, which may have been entered as two appointments on the same day. This information was not available to the research team.
In addition, the information about how many appointments were double appointments or at least scheduled for the same day was not available. This has the potential to bias our estimate of FTA rates. For instance, if people who fail to attend are those with multiple appointments on the same day, the non-attendance estimate will be inflated. However, it is also possible that those with multiple appointments were on chronic care plans and may be less likely to FTA, which would underestimate our prevalence of non-attendance. Future research in this area should attempt to control for the quite complex scheduling structure associated with medical databases.
In the current study, the effects of these data limitations, particularly the potential violation of the assumption of independence, were addressed by including a second data analysis using participants as the unit of analysis. In this second analysis, there was no violation to the assumption of independence, and the results were fairly consistent with those of our primary data analysis. Indeed, the results from the second data analysis demonstrated slightly higher OR for Aboriginality, indicating that the effect of the data limitation (uncontrolled multiple appointment structure) was most likely to bias the OR towards underestimation, which is a preferred bias as it is more rigorous than an overestimation.
The clinic is relatively unusual in that it serves a very large Aboriginal population, but is not an Aboriginal Medical Service. This provided us with the unusual analytical advantage of comparison between different population groups; however, it may limit the generalisability of the findings to other contexts. This study was initially motivated by an economic imperative to identify ways to reduce non-attendance. This was to support the business model that enables bulk billing of patients so that care can be delivered free at the point of access. Appointment nonattendance substantially reduces service efficiency, and therefore the sustainability of this business model. While it is well accepted, anecdotally at least, that Aboriginal patients are at high risk of non-attendance at appointments, this has not been quantified previously.
Conclusion
This analysis has demonstrated that Indigenous Australians are three times more likely to miss a scheduled medical appointment than non-Indigenous Australians and people from other nationalities residing in a regional (not remote) community along the busy Australian seaboard. It has also uncovered surprising, subtle data trends suggesting that Aboriginal women may be at the highest risk of missing appointments and that Indigenous children are more likely to miss an appointment than non-Indigenous children and non-Indigenous adults. The reasons and drivers of these risk factors need to be further explored through qualitative research designs in the Aboriginal community. There is acknowledgment at the highest level of government in Australia of the need to "close the gap" between Indigenous and non-Indigenous health care. This study identifies a need for policies that specifically target Aboriginal women and helps overcome barriers to attendance at health services. 
